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1The Low Incidence of Surgery for Non-Cardiac Vascular Disease in UK
Asians may be Explained by a Low Prevalence of Disease
S.D. Hobbs, R.C. Sam, A. Bhatti, A. Rehman, A.B. Wilmink, D.J. Adam and A.W. Bradbury*
University Department of Vascular Surgery, Heart of England NHS Foundation Trust, Birmingham, UK
Aims. Firstly, to compare rates of surgery for non-cardiac vascular disease in Caucasians and Asians and secondarily to
assess the prevalence of peripheral arterial disease (PAD) and abdominal aortic aneurysm (AAA) in the male UK Asian
population.
Methods. Analysis of a prospective database followed by an epidemiological survey of 100 unselected Pakistani males, in
which demographic and anthropometric data were collected alongside aortic ultrasonography and measurement of ankle:
brachial pressure index (ABPI).
Results. Although 14.1% of our catchment area is Asian, after correction for age, they only accounted for 64/2268 (2.8%)
of procedures for PAD and AAA. Specifically, Asians were 10 times less likely to undergo AAA repair and 3 times less
likely to undergo procedures for lower limb peripheral bypass, amputation and endovascular intervention. In the epidemi-
ological study, 26 subjects had a significant history of ischaemic heart disease, 21 were diabetic, 32 had hypertension and 60
were current or ex-smokers. Median aortic diameter [IQR] was 17.6 mm [16.3e19.1 mm] and no subject had an AAA. In
200 limbs, median ABPI [IQR] was 1.12 [1.04e1.21]. Only 2 patients had an ABPI <0.9.
Conclusion. Despite a high prevalence of cardiovascular risk factors and ischaemic heart disease, the prevalence of PAD
and AAA is much lower than would have been expected in an age- and sex-matched Caucasian population. These data
suggest that the reduced incidence of surgery for PAD and AAA in UK Asians is due to a low prevalence of disease.
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Non-cardiac, often referred to as peripheral, vascular
disease is a common cause of morbidity and mortality
among Caucasians living in developed countries. Spe-
cifically, lower limb peripheral arterial disease, inter-
mittent claudication and abdominal aortic aneurysm
(AAA) are present in approximately 20%, 5% and 5%
respectively of middle-aged men,1,2 ruptured AAA ac-
counts for at least 2% of all male deaths over 65 years2
and carotid artery disease is responsible for up to half
of all ischaemic strokes.3 By contrast, almost nothing is
known of the epidemiology of non-cardiac vascular
disease among non-Caucasians living in these
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as an understanding of the epidemiology and natural
history of disease within different populations is
a pre-requisite for the adequate provision of health
care. With regard to the UK, Asians make up 4.4% of
the population of England and Wales and approxi-
mately 20% of the catchment area of our own institu-
tion (2001 UK national census data). The primary aim
of this study was to compare the rates of surgery for
non-cardiac vascular disease in Caucasians and Asians
within our own population. Secondly, in order to at-
tempt to explain the differences found, we conducted
a pilot study to investigate the logistical difficulties
and feasibility of establishing the prevalence of lower
limb peripheral arterial disease and AAA in our local
Asian population.
Methods
Incidence of surgery for non-cardiac vascular disease
Details of all non-cardiac vascular operations and
endovascular procedures performed in this institutionerved.
495Peripheral Vascular Disease in South Asiansbetween January 1997 and April 2002 were obtained
from a prospectively collected database and categor-
ised as follows: AAA repair; peripheral vascular
surgical procedures (overwhelmingly lower limb
bypass, the great majority for critical limb ischaemia),
carotid endarterectomy; major lower limb amputa-
tions (above, through and below knee), minor lower
limb amputations (digit and forefoot) and endovascu-
lar interventions (digital subtraction arteriography
and percutaneous transluminal balloon angioplasty).
Patients were categorised as Asian or non-Asian by
name analysis, as previously described.5 Population data
for the catchment area of this Trust were obtained
from the Office of National Statistics (2001 UKNational
Census data). The national census ethnic groupings of
Pakistani, Indian, Bangladeshi and other Asian were
considered together as ‘Asian’, and the remaining
population (overwhelmingly Caucasian) were
considered ‘non-Asian’. The expected number of pro-
cedures for Asians was calculated by indirect stand-
ardisation using non-Asian age-specific operative
rates and the Asian age structure. Standardised opera-
tion ratios, with Poisson confidence intervals, for
Asians were calculated from the expected and
observed values.
Prevalence of non-cardiac vascular disease
in the local Asian population
After local ethical committee approval, all men
over the age of 55 years attending a local mosque
were invited to take part in the study. Written informed
consent was taken with the aid of an interpreter. Con-
senting subjects underwent a structured history and
clinical and ultrasound examination at the mosque.
Clinical history: A positive history of cardiac vascu-
lar disease was made if the subject had a history of
treated angina, myocardial infarction, percutaneous
transluminal coronary angioplasty, or coronary artery
bypass grafting. Cerebrovascular disease was deemed
present if the subject had a history of previous cere-
brovascular accident, transient ischaemic attack or
carotid endarterectomy. Diabetes was defined as the
current use of insulin, oral hypoglycaemics, a history
of diabetes controlled by diet alone or the finding of
a random blood glucose level >11.1 mmol/l. Hyper-
tension was defined as the current use of anti-
hypertensive medication or the finding of a resting
blood pressure >160/95 mmHg. Details of current
medications and previous vascular investigations
and intervention were also recorded.
Anthropometry: Height was measured without
shoes to the nearest 0.5 cm and weight was measuredwithout shoes and with the subject lightly clad to the
nearest 0.1 kg. Body mass index was calculated by di-
viding the weight (kg) by height2 (m2). Waist circum-
ference was measured to the nearest 1 cm with the
patient standing, at the mid point between the lower
costal margin and the iliac crest after gentle expira-
tion. Waist: height ratio was used as an indirect mea-
sure of intra-abdominal obesity in South Asians as
previously described.6 Blood pressure was measured
in both arms after resting for 10 minutes in a seated
position (Omron M5-I, Omron Healthcare UK,
Henfield, UK).
Serum analysis: A random, non-fasting venous
blood was collected into clot activator serum tubes
for later analysis in an accredited laboratory for serum
glucose, total cholesterol, HDL cholesterol and
triglycerides.
Ankle: brachial pressure index (ABPI): ABPI was cal-
culated by measuring the highest ankle pressure
(anterior tibial, posterior tibial, perforating peroneal)
in each leg (Mini Dopplex, Huntleigh Diagnostics,
Cardiff, UK) and dividing it by the highest brachial
systolic pressure. An ABPI of <0.9 at rest was taken
to indicate the presence of peripheral arterial disease.
Aortic diameter: The maximum diameter of the
infra-renal aorta was measured in its longitudinal
plane by means of ultrasound (SonoSite 180 Plus,
SonoSite Inc, Bothwell, Washington, USA). As previ-
ously described, AAA was defined by a diameter of
30 mm.7
Results
Incidence of surgery for non-cardiac vascular disease
This institution serves a population of approximately
half a million people of whom 21.4% (110,216) are re-
corded by the 2001 Census as being Asian. The Asian
population is significantly younger than the non-
Asian population with Asians accounting for 8.5%
of those over 50 years of age.
However, over the 5-year study period, only 64
(2.8%) of 2268 non-cardiac vascular procedures were
conducted on Asians (Table 1). Even when adjusted
for age, Asians were 10 times less likely to undergo
AAA repair and 3 times less likely to undergo carotid
endarterectomy and procedures for lower limb
peripheral arterial disease, including major lower
limb amputation and endovascular interventions.
No Asian patient attended this hospital with a rup-
tured AAA. Asians undergoing carotid endarterec-
tomy were significantly younger than non-Asians
(mean age [s.d.], 57 [6.2] vs. 67.9 [9.7], p¼ 0.02,Eur J Vasc Endovasc Surg Vol 32, November 2006
496 S. D. Hobbs et al.Table 1. Ethnic breakdown of vascular procedures performed between January 1997 and April 2002 and standardised operation ratios
for Asians. Expected numbers of procedures for Asians have been calculated by indirect standardisation using non-Asian age-specific
operative rates and the Asian age structure. Standardised operation ratios, with Poisson confidence intervals, for Asians are shown,
calculated from the expected and observed values
Operation Median Age (IQR) Procedures performed Expected number
of procedures
in Asians
Standardised
Operation
Ratio (95% CI)
P value
Total Non-Asian Asian (%)
AAA 73 (67e78) 248 246 2 (0.8) 20.1 10.0 (1.2e36) <0.001
Peripheral Bypass 70 (62e78) 406 395 11 (2.7) 37.3 29.5 (14.7e52.7) <0.001
Carotid Endarterectomy 68 (62e75) 140 136 4 (2.9) 13.1 30.5 (8.3e78.2) 0.003
Major Amputation 74 (66e79) 228 222 6 (2.6) 19.8 30.4 (11.1e66.1) <0.001
Minor Amputation 67 (58e77) 168 159 9 (5.4) 15.7 57.5 (26.3e109.1) 0.05
Endovascular Intervention 69 (61e76) 1078 1046 32 (3.0) 100.4 31.9 (21.8e45.0) <0.001ManneWhitney), but there were no demographic
differences with regard to the other procedure
categories.
Prevalence of non-cardiac vascular disease in the
local Asian population
The first 100 men over the age of 55 years accepting
the invitation to take part were studied. It is estimated
that there are 5000 Muslim men in the mosque catch-
ment area and that approximately 1000 (20%) of these
attend the mosque each week with >70% of these men
being over the age of 55 years. The study cohort there-
fore represents approximately 15% of the men, over
the age of 55 years, attending this particular mosque.
The median [IQR] age of the subjects was 67 [62.3e
72.8] years. All had been born on the Indian Sub-
continent originating from the Kashmiri region of
Pakistan (76), other Pakistani regions (24) or Bangla-
desh (2). The median [IQR] length of UK residence
was 41 [38e43] years. There was a high prevalence
of diabetes (22%), hypertension (42%) and cardiac
vascular disease (26%) (Table 2). Of the latter, only
81% were on an anti-platelet agent and 54% were on
a statin. No subject had a history of AAA repair or in-
tervention for lower limb peripheral vascular disease.
However, a single subject had undergone carotid end-
arterectomy 5 years previously. The median body
mass index (BMI) was 26.3; 44% were overweight
(BMI 25e30), 18% were obese (BMI> 30) and 97 sub-
jects had a waist: height ratio >0.50. The total choles-
terol: HDL ratio was 5 in 50% of subjects (Table 3).
It was possible to visualise the infra-renal aorta in
all 100 subjects. No AAAs were detected and median
[IQR] aortic diameter was 18 [16e19] mm (range 13e
26 mm). The median [IQR] ABPI was 1.12 [1.04e1.21]
(range 0.58e1.43) and only 2 (of 200 limbs) had an
ABPI <0.9. One of these subjects was asymptomatic
and the other had disabling claudication symptoms
that had previously been labelled as sciatica. AfterEur J Vasc Endovasc Surg Vol 32, November 2006further investigation he underwent a successful iliac
angioplasty with complete resolution of symptoms.
The ABPI was 1.3, possibly indicating non-
incompressible vessels, in 14 subjects (22 limbs).
However, the prevalence of diabetes in this sub-group
(3 of 14, 21%) was the same as in the group as whole.
Although the sample size is relatively small, the dif-
ferences between the ‘observed’ prevalence of 2% for
PAD and 0% for AAA and the ‘expected’ prevalence
(from Caucasian data) of 17% for PAD and 5% for
AAA are so large that the findings are meaningful
both statistically and epidemiologically. This can be
quantified using the hypergeometric distribution, which
in the case of PAD estimates that the probability of only
finding a 2% prevalence in Asians given a 17% preva-
lence in the Caucasian population to be <0.0000001. In
the case of AAA it estimates that the probability of find-
ing a 0% prevalence in Asians given a 5% prevalence in
the Caucasian population to be 0.005.
Discussion
Incidence of surgery for non-cardiac vascular disease
The present study has shown that, even after adjust-
ing for age, the incidence of surgery and endovascular
intervention for non-cardiac vascular disease in our
institution is very much lower among the Asian
than amongst the non-Asian (overwhelmingly Cauca-
sian) population. These age-standardised differences
are highly statistically significant for all six of the pro-
cedure categories. Specifically, Asians were 10 times
less likely to undergo AAA repair and 3 times less
likely to undergo procedures for lower limb peripheral
arterial disease (including endovascular intervention),
major lower limb amputation, and carotid endarterec-
tomy. By contrast, Asians were only half as likely to
undergo minor amputations. Amongst Asians under-
going amputation there was a higher ratio of minor to
major amputations when compared to non-Asians
497Peripheral Vascular Disease in South Asians(Asians 1.5:1, non-Asians 0.7:1). Although present
data do not allow a definite conclusion to be drawn,
this possibly reflects the high prevalence of diabetes
in the Asian population and the resulting requirement
Table 2. Demographic details, co-morbidity, medication and mea-
sured clinical parameters of subjects undergoing screening
(n[ 100). Figures are expressed as median [interquartile range]
or numbers of subjects where appropriate
Variable n
Age (years) 67 [62.3e72.8]
Time in UK (years) 41 [38e43]
Cardiac vascular disease 26
Angina 17
Myocardial infarction 11
Percutaneous transluminal
coronary angioplasty
11
Coronary artery bypass graft 9
Cerebral vascular disease 5
Transient ischaemic attack 3
Cerebrovascular accident 3
Carotid endarterectomy 1
Diabetes Mellitus 22
Insulin 2
Orohypoglycaemics 11
Diet 9
Reported hypertension
or BP> 160/95 mmHg at screening
42
Systolic blood pressure 142 [129e155]
Diastolic blood pressure 85 [77e92]
Smoking
Current smoker 20
Ex smoker 40
Never smoker 40
Pack years of smokers/ex smokers 10 [4.5e20]
Medication
Antiplatelet agent 27
Statin 17
Antihypertensive 25
ACE inhibitor 7
Warfarin 1
BMI (kg/m2) 26.3 [23.7e29.2]
BMI 25 62
BMI 30 18
Waist: height ratio 0.6 [0.57e0.64]
<0.50 3
0.50e0.59 49
0.60e0.69 42
>0.70 6
Aortic diameter (mm)
12e14.9 10
15e17.9 45
18e20.9 33
21e23.9 9
24e26.9 3
Ankle: Brachial Pressure Index (n¼ 200)
0.50e0.69 1
0.70e0.89 1
0.90e1.09 85
1.10e1.29 91
1.30e1.49 22for minor foot amputations, usually as a result of sep-
sis secondary to neuropathy. The small numbers of
Asians undergoing non-cardiac vascular operations
and the relatively short time scale (5 years) of the
study make it impossible to assess any time trends
in presentation however it will be interesting to see
if these observations change for 2nd or 3rd generation
immigrants.
The key question is whether this very low inci-
dence of non-cardiac vascular surgery reflects unmet
need due to cultural differences or language barriers
or whether they are due to a low prevalence of dis-
ease. In an attempt to answer this question we con-
ducted a pilot study to investigate the logistical
difficulties and feasibility of establishing the preva-
lence of lower limb peripheral vascular disease and
AAA in our local Asian population.
Prevalence of non-cardiac vascular disease in the
local Asian population
What is most striking about the data from the pilot
study is the contrast between the high prevalence of
cardiac disease and risk factors such as smoking, dia-
betes, unfavourable lipid profile, hypertension and
abdominal obesity, and the very low prevalence of
non-cardiac vascular disease; specifically, lower limb
peripheral arterial disease and aortic dilation. How
do these data compare with the findings of others?
Unfortunately, although the epidemiology of cardiac
vascular disease in the UK Asian population has
received considerable attention,8e10 to our knowledge
no other study has specifically examined the preva-
lence of non-cardiac vascular disease in the Asian
community. Only a few studies have looked at the
incidence of non-cardiac vascular surgery amongst
Asians. One study, from Bradford investigated the
incidence of surgery for AAA and reported no operations
Table 3. Serum lipid and glucose levels of subjects undergoing
screening (n[ 100). Figures are expressed as median [interquar-
tile range] or numbers of subjects where appropriate
Variable n
Total Cholesterol (mmol/l) 5.1 [4.3e5.8]
6.5 mmol/l 14
HDL Cholesterol (mmol/l) 1.0 [0.9e1.2]
0.9 mmol/l 28
Total cholesterol: HDL cholesterol 5.0 [3.9e6.1]
5 50
6.5 15
LDL Cholesterol (mmol/l) 3.4 [2.7e4.0]
Triglycerides (mmol/l) 2.2 [1.6e3.3]
Glucose (mmol/l) 5.9 [5.2e7.6]Eur J Vasc Endovasc Surg Vol 32, November 2006
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a 7-year period.11 A case controlled study from
London estimated that diabetic South Asians have
about a quarter of the risk of lower limb amputation
when compared to diabetic Europeans and although
it was postulated that this was due to a reduced prev-
alence of peripheral arterial disease, ankle: brachial
pressure indices were not measured.12
By contrast, the epidemiology of non-cardiac vas-
cular disease is well established in the UK Caucasian
population. Specifically, the Edinburgh Artery Study
found a prevalence of lower limb peripheral arterial
disease (ABPI< 0.9) to be 17%,1 a figure almost 10
times higher than that seen in our survey of Asian
men of a similar age. Furthermore, it is now well
established that the prevalence of AAA (aortic diam-
eter> 3.0 cm) among middle-aged Caucasian men
living in the UK is in the region of 5%.13,14 By contrast,
none of the middle-aged Asian men in the current
study had an aortic diameter over 26 mm and over
half were less than 20 mm. Taken in conjunction
with the current and the previous Bradford informa-
tion on the very low incidence of surgery for AAA,
these novel ultrasound data strongly suggest that
age-for-age Asian men appear very much less likely
to develop aortic dilatation in response to vascular
risk factors than Caucasians.
Limitations of the survey
As the current study is survey of a self-selecting
group of Asian men, interesting and novel though
the data are, it is important that they are not over-
interpreted and that the investigators address possible
sources of bias. It is possible that men with vascular
disease might have selected themselves out and that
this might account for the low prevalence of non-
cardiac vascular disease. However, the high preva-
lence of vascular risk factors and of cardiac vascular
disease in the study group suggests that this is not
the case. Indeed, the authors’ impression is quite the
opposite; men who had already suffered from cardio-
vascular disease and/or considered themselves at
greatest risk appeared to be the most enthusiastic to
attend. It has also been suggested that patients with
symptomatic lower limb peripheral arterial disease
would not have been able to attend because of
exercise-limiting claudication. While this is possible,
though perhaps unlikely given the importance of
mosque attendance within the Muslim community,
the prevalence of asymptomatic peripheral arterial
disease detected on the basis of reduced ABPI would
not have been affected. Similarly, while it is possibleEur J Vasc Endovasc Surg Vol 32, November 2006that Asian men who were already aware that they
had an AAA may have decided not to attend, this
would not have affected the ultrasound-based data
on aortic diameter. Furthermore, as discussed above,
concerns that the prevalence of AAA has been
under-estimated are mitigated by hospital-based
data indicating that elective or emergency AAA re-
pairs are much less common among Asians. The pres-
ent study only looked at men and while we are not
aware of any data on UK Asian women, it seems
likely that their prevalence of non-cardiac vascular
disease will be lower rather than higher. Finally, it is
well-known that different Asian groups, like different
Caucasian Europeans, have different vascular risk fac-
tor profiles related to both life-style and, possibly, ge-
netic differences.8,9 Although one of the strengths of
the present study is that the subject group is relatively
homogenous being predominantly (>75%) Kashmiri-
born Pakistani Muslims, obviously, present data
cannot be extrapolated to other racial, ethnic and
religious Asian groupings. Nor may they be relevant
to Asian men born and raised in the UK and who
are now approaching middle age.15
The need for and feasibility of future
epidemiological studies
Notwithstanding the issues of possible bias and other
limitations discussed above, the present study has
provided novel and thought-provoking data regard-
ing the prevalence of non-cardiac vascular disease
in Asians; especially when they are interpreted in
the context of the hospital-based information from
the same catchment area on the incidence of surgery.
However, a properly powered, cross-sectional, epide-
miological survey of randomly selected, male and
female, cohorts of different Asian groupings would
be necessary to elucidate further these complex
issues. The cultural, communication and logistical
problems that the investigators have encountered
and had to overcome in during this pilot study indi-
cate that completing such a study, while possible,
would be a major challenge and require very signif-
icant funding.
Having said that, in the future, relative changes in
birth rates mean that so-called ‘ethnic minorities’ are
likely to account for an increasing proportion of the
populations of many developed countries.16 Under-
standing the epidemiology of any condition is essential
for the planning and delivery of clinically and cost-
effective health care for affected individuals. Currently
the screening, diagnosis, investigation, medical and
surgical treatment of non-cardiac vascular disease is
499Peripheral Vascular Disease in South Asiansbased almost exclusively upon data gathered from
Caucasians. Such care may be inappropriate, even dan-
gerous, in other racial and ethnic groups. It is hoped
that a better understanding of the prevalence of these
common and morbid conditions among UK Asians
will improve the healthcare needs of this large
population.
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